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This study evaluated the effect of gamma irradiation on the reduction of the toxicity of mistletoe lectin
using both in vitro and in vivo models. To extract the lectin from mistletoe, an (NH4)2SO4 precipita-
tion method was employed and the precipitant puriﬁed using a Sepharose 4B column to obtain the
pure lectin fraction. Puriﬁed lectin was then gamma-irradiated at doses of 0, 5, 10, 15, and 20 kGy, or
heated at 100 ◦C for 30 min. Toxic effects of non-irradiated, irradiated, and heat-treated lectins were
tested using hemagglutination assays, cytotoxicity assays, hepatotoxicity, and a mouse survival test
and immunological response was tested using cytokine production activity. Hemagglutination of lectin
was remarkably decreased (P < 0.05) by irradiation at doses exceeding 10 kGy and with heat treat-
ment. However, lectin irradiated with 5 kGy maintained its hemagglutination activity. The cytotoxicity
of lectin was decreased by irradiation at doses over 5 kGy and with heat treatment. In experiments
using mouse model, glutamate oxaloacetate transaminase (GOT) and glutamic pyruvic transaminase
(GPT) levels were decreased in the group treated with the 5 kGy irradiated and heat-treated lectins as
compared to the intact lectin, and it was also shown that 5 kGy irradiated and heat-treated lectins did
not cause damage in liver tissue or mortality. In the result of immunological response, tumor necrosis
factor (TNF-α) and interleukin (IL-6) levels were signiﬁcantly (P < 0.05) increased in the 5 kGy gamma-
irradiated lectin treated group. These results indicate that 5 kGy irradiated lectin still maintained the
immunological response with reduction of toxicity. Therefore, gamma-irradiation may be an effective
method for reducing the toxicity of lectin maintaining the immune response.
C© 2013 The Authors. Published by Elsevier B.V. on behalf of Federation of European Biochemical
Societies. Open access under CC BY-NC-ND license.. Introduction
Cancer is one of the leading causes of death worldwide. Recently,
any anticancer reagents have been developed to solve this severe
roblem. However, most of chemicals have side effects such as im-
une system damage, normal cell toxicity, hepatotoxicity, induction
fheart disease. Therefore, it is very important to investigatenovel an-
itumordrugs that offer improved immunepotentialwithoutharming
he host [1].
Mistletoe (Viscum album), a common evergreen semi-parasite in
rees, has been used for various medicinal purposes from ancient1 These authors contributed equally to this work.
* Corresponding author. Tel.: +82 63 570 3205; fax: +82 63 570 3207.
E-mail address: jaehun@kaeri.re.kr (J.-H. Kim).
211-5463 c© 2013 The Authors. Published by Elsevier B.V. on behalf of Federation of Europe
ttp://dx.doi.org/10.1016/j.fob.2013.01.003times [2,3]. Various mistletoe preparations such as capsules and tea
have been used as subsidiary treatments for cancer, cardiovascular
diseases, arthritis, hemorrhage, pleurisy, gout, and heart disease [4,5].
In Europe especially, one commercial product using mistletoe is a
form of complementary medicine used as an adjuvant therapy in
cancer patients to stimulate the innate immune system via activation
of macrophage/monocytes with stimulation of cytokines and nitric
oxide for the purpose of improving quality of life [6,7]. Mistletoe
contains various bioactive components such as lectin [8], alkaloids
[9], viscotoxins [10], and polysaccharides [11,12], and among them
the most active anticancer compound is identiﬁed as a lectin [13,14].
However, the use of mistletoe in humans has been limited due to
its toxicity [15]. Thus, the development of technology to reduce this
toxicity is necessary for the increased application of lectin for health
purposes.an Biochemical Societies.Open access under CC BY-NC-ND license.
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tively reduced the toxicity of mistletoe lectin. However, heat treat-
ment also diminished the bioactivity of mistletoe lectin due to de-
naturation of the protein [16]. Therefore a novel method is required
to reduce the toxicity of mistletoe lectin without compromising its
bioactivity.
Gamma irradiation induces a change in both structural and phys-
iological properties of some molecules, which can result in improved
quality or bioactivity of the component [17]. In previous studies,
gamma irradiation was used to reduce the toxicity of lipopolysaccha-
ride [18–20], and to diminish the allergens in eggs, milk, and shrimp
[21–24]. In addition, it has been demonstrated that gamma-irradiated
doxorubicin used as an anti-cancer drug signiﬁcantly reduced im-
munotoxicity without changes in the anti-cancer activity in both in
vitro and in vivomodels [25].
Therefore, the objective of this study was to evaluate the effect
of gamma irradiation on reducing the toxicity of mistletoe lectin and
immunomodulatory activities.
2. Materials and methods
2.1. Preparation of mistletoe and isolation of the lectin
Fresh mistletoe grown on oak trees was collected in January 2007
fromNaejangmountain in Jeollabuk-Do, Republic of Korea, and stored
at −70 ◦C until used. To prepare the mistletoe extract, mistletoe (100
g) was homogenized in 1 L of saline solution (0.85% NaCl) followed
by centrifugation (20,000 g, 4 ◦C, 20 min). The supernatant was ﬁl-
tered through a 0.45 μm ﬁlter (Millipore Corp., Billerica, MA, USA).
(NH4)2SO4 was then added to the extract up to 70% saturation, and
this mixture was centrifuged at 20,000 g for 20 min. The precipi-
tate from the centrifugation was resuspended in 20 mL of phosphate
buffered saline (PBS, InvitrogenTM, Carlsbad, CA, USA), and dialyzed
in PBS for 5 days.
A Sepharose4B column (Sigma, St. Louis,MO,USA)washydrolyzed
with 0.2 N HCl for 2.5 h in a 50 ◦C water bath and then washed with
PBS, and the dialyzed sample was passed through the hydrolyzed
Sepharose column, followed by elution using a lactose-containing
buffer (0.1 M lactose and 10 mM sodium phosphate in 0.14 M NaCl,
pH 7.3) to obtain potential lectin fractions. The fractions were exam-
ined using a blood agglutination test to determine lectin-containing
fractions, and the lectin-containing fractions were dialyzed using a
membrane (molecular weight cut-off of 10,000 Da; Spectrum Lab-
oratories Inc., Rancho Dominguez, CA, USA) in distilled water. The
dialyzed fractions were then freeze-dried for use in this study.
2.2. Gamma-irradiation and heat-treatment
Lectin samples were dissolved in PBS to obtain a concentration of
1 mg/mL (w/v), and the samples were irradiated at doses of 5, 10,
15, and 20 kGy. The heat treatment was carried out by heating the
samples in boiling water (100 ◦C) for 30 min [15]. Irradiation was
conducted using a cobalt-60 irradiator (point source AECL, IR-221,
MDS Nordion International Co. Ltd., Ottawa, ON, Canada) with 11.1
peta-becquerel (PBq) source strength. Dosimetry was performed us-
ing an alanine dosimeter with a 5-mmdiameter (Bruker Instruments,
Rheinstetten, Germany). The dosimeter was calibrated using an In-
ternational Atomic Energy Agency (Vienna, Austria) standard.
2.3. Experimental animals
BALB/c mice (7 weeks old, 18–20 g body weight (BW)) were pur-
chased from Orient Bio (Seongnam-si, Gyeonggi-Do, Republic of Ko-
rea). The mice were placed in a polycarbonate cage, and a standard
animal diet and water ad libitum were provided to mice under con-
trolled conditions (22 ± 2 ◦C, 60% humidity) with 12 h light anddark cycles. All animals received proper care according to methods
approved under institutional guidelines and experiments were con-
ducted according to principles enunciated in the Animal Care Act
prepared by the Ministry of Agriculture and Forestry, Republic of Ko-
rea.
2.4. Hemagglutination assay
Hemagglutination assays were performed as previously described
byKang et al. [26]. Brieﬂy, erythrocytewas separated from the BALB/c
mouse and thendiluted in a10mMsodium–phosphatebuffer (pH7.4)
to a concentration of 2% mouse erythrocytes. Various concentrations
(0, 3.125, 6.25, 12.5, 25, 50, 100, and 200 μg/mL) of intact, gamma-
irradiated, and heat-treated lectin samples were then mixed with
2% mouse erythrocytes at a 1:1 ratio to obtain 0, 1.562, 3.125, 6.25,
12.5, 25, 50, and 100 μg/mL of ﬁnal lectin concentrations. After gentle
mixing, the mixtures were placed at room temperature for 1 h, and
agglutination of samples was observed.
2.5. Cytotoxicity and cytokine assay
RAW 264.7 macrophage cells (Korean Cell Line Bank No. 40071)
grown in Dulbecco’s modiﬁed Eagle’s medium (DMEM) supple-
mented with 100 units/mL penicillin (InvitrogenTM, CA, USA), 100
μg/mL streptomycin (InvitrogenTM, Carlsbad, CA, USA), and 10% fetal
bovine serum (FBS) were incubated in a 5% CO2 incubator at 37
◦C for
48 h. Cells (5 × 104 cells/well) were inoculated into 96-well plates
containing 90 μL of DMEMperwell and incubated at 37 ◦C in a 5% CO2
incubator for 4 h. Various levels (0, 0.25, 1, and 2 μg/mL) of intact,
gamma-irradiated, andheat-treated lectinswere inoculated into each
well, followed by further incubation at 37 ◦C in a 5% CO2 incubator for
24h,with PBS and lipopolysaccharide (LPS) added towells as negative
and positive controls, respectively. Cell viability was then measured
according to the XTT method as described by Goodwin et al. [27],
and the upper layer of the cell cultures was used to evaluate cytokine
levels (IL-6 and TNF-α), using a BD OptEIATM cytokine detection kit
(BD Biosciences, San Jose, CA, USA) according to the manufacturer’s
instructions.
2.6. Measurement of liver function index enzymes
Animals (5 per treatment)were intravenously injectedwith (i) PBS
alone, various concentrations (25, 50, 100, and 250 μg/g BW) of (ii)
intact lectin (0 kGy), (iii) 5 kGy gamma-irradiated lectin, or (iv) heat-
treated lectin. After 1 h, animals were anesthetized under ether and
sacriﬁced by cervical decapitation, and blood samples taken from the
experimental animals and centrifuged at 1500g for 10 min to obtain
clear serum. Serum was then analyzed using a Hitachi 7180 (Hitachi
Medico, Tokyo, Japan) equipped with user interface operability fea-
tures to determine GOT and GTP levels. Wako control serum (Wako,
Richmond, VA, USA) was used as a marker. Liver tissue samples were
also removed for histopathological analysis.
2.7. Histopathological analysis
Liver tissues were separated from the PBS, intact lectin (0 kGy),
5 kGy gamma-irradiated lectin, and heat-treated lectin treated mice
after 1 h of intravenous injection (50 μg/kg BW) and washed with a
cold saline solution (0.85% NaCl), diced into small pieces (5 × 5 ×
5 mm), and ﬁxed immediately in a solution of 10% formalin for 48
h. Small pieces were sectioned at 5 μm thickness after dehydration
and parafﬁn embedding and stained with haematoxylin and eosin
(H&E). The severity of liver tissuedamagewas observedunder aNikon
Eclipse e400 microscope (Nikon Corporation, Kanagawa, Japan) and
imaged using Focus Pro software for the Windows XP platform.
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Fig. 1. Identiﬁcation of mistletoe lectin by using Sephrose 4B column (A) and hemag-
glutination assay (B). Erythrocytes were separated from the BALB/c mice and then
diluted in a 10 mM sodium–phosphate buffer (pH 7.4) to a concentration of 2% mouse
erythrocytes. Separated fractions were mixed with 2% mouse erythrocytes at a 1:1
ratio. Agglutination of lectin samples was observed after 1 h.
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Fig. 2. Hemagglutination activity of gamma-irradiated (5, 10, 15, and 20 kGy), and
non-irradiated (intact; 0 kGy) and heat-treated lectin to erythrocytes. Erythrocytes
were separated from the BALB/c mice and then diluted in a 10mM sodium–phosphate
buffer (pH 7.4) to a concentration of 2% mouse erythrocytes. Various concentrations
(0, 3.125, 6.25, 12.5, 25, 50, 100, and 200 μg/mL) of intact, gamma-irradiated, and
heat-treated lectin samples were thenmixedwith 2%mouse erythrocytes at a 1:1 ratio
to obtain 0, 1.562, 3.125, 6.25, 12.5, 25, 50, and 100 μg/mL ﬁnal lectin concentrations.
Agglutination of lectin samples was observed after 1 h..8. Survival test
To measure mouse survival, animals were divided into 5 groups
n = 10) and intravenously injected with (i) PBS alone, various con-
entrations (25, 50, 100, and 250 μg/kg BW) of (ii) intact lectin (0
Gy), (iii) 5 kGy gamma-irradiated lectin, or (iv) heat-treated lectin;
0 animals were subjected to each treatment. Mouse survival was
hen counted for 7 days.
.9. Statistical analysis
Data were analyzed with a two-tailed Student’s t-test using the
tatistical Package for the Social Science software (SPSS Inc., 10.0,
000).Means among treatmentswere compared using aDuncanmul-
iple comparison test at P < 0.05.
. Results
.1. Isolation of lectin from mistletoe
Fig. 1(A) shows the elution proﬁle of mistletoe lectin from the
epharose 4B column in the presence of 100 mM lactose. In total,
e obtained 30 fractions with the possibility of containing the lectin
omponent. Among these fractions, the optical density at 280 nmwas
ncreased in fraction numbers 10–11 and the highest optical density
as found in fraction number 10. Next, we used the hemagglutina-
ion assay to conﬁrm the presence of lectin in the separated fractions
Fig. 1(B)). As shown in Fig. 1(B), the 10th and 11th fractions show
he strongest hemagglutination activity. Thus, in subsequent exami-
ations these fractions (fractions 10th and 11th) were collected and
ere used for further experiments.
.2. Hemagglutination of gamma-irradiated and heat-treated lectin
Fig. 2 shows that intact and 5 kGy gamma-irradiated lectin sam-
les at a concentration more than 6.2 μg/mL did cause agglutinationof erythrocytes, but gamma-irradiated lectin at a dose of more than
10 kGy or heat-treated lectin did not cause agglutination of erythro-
cytes. This result indicates that 5 kGy irradiated lectin may sustain its
hemagglutination activity due to the presence of the B-chain, which
can bind to the erythrocyte membrane. Thus, in this study, our next
investigation looked at cytokine production of gamma-irradiated (5
kGy) and non-irradiated lectin to determine whether the immuno-
logical response was still present.
3.3. Changes in cytotoxicity and cytokine production
The survival ratio of RAW 264.7 macrophage cells with added
intact lectin (0.25, 0.5, 1, and 2 μg/mL) decreased as the lectin con-
centration increased (Fig. 3). The highest cytotoxic effect appeared at
a concentration of 2 μg/mL (38 ± 7.97), but 5 kGy gamma-irradiated
(104 ± 11.5) and heat-treated (97 ± 8.9) lectin did not cause cell
death (Fig. 3). This result indicated that lectin-induced cytotoxic-
ity in macrophages was decreased by gamma-irradiation and heat
treatment. The cytokine production of macrophage cell treated with
gamma-irradiated and non-irradiated and heated lectin at the same
dose of 2 μg/mL was also carried out and the results are shown in
Fig. 4. As the levels of TNF-α (938 ± 186.4) and IL-6 (1830 ± 48.3)
treated with LPS were high, the immunological activity of RAW 264.7
cells was shown to be normal. In Fig. 4, cytokine production was de-
creased in the intact (non-irradiated) lectin-treated group (TNF-α;
134 ± 98.7, IL-6; 98 ± 11.5) due to cell death. The levels of TNF-
α and IL-6 were higher (P < 0.05) in the 5 kGy gamma-irradiated
lectin-treated group (TNF-α; 632 ± 13.2, IL-6; 1193 ± 25.3) than
in the heated lectin-treated group (TNF-α; 275 ± 57.3, IL-6; 179 ±
24.8) (Fig. 4). This result suggests that the immunological activity can
be sustained at the 5 kGy gamma-irradiated lectin, even though the
heated lectin did not maintain immunological activity.
3.4. Effect of gamma-irradiated lectin on liver tissue damage
GOTandGTP levels in the sera ofmice treatedwith intact lectin (50
μg/kg BW)were higher (P< 0.05) than those ofmice treatedwith PBS
alone (Fig. 5). However, GOT and GTP levels could not be measured in
the liver of mice treated with intact lectin at a high dose of 100 and
250 μg/kg BW because the administration of these higher concen-
trations of lectin was lethal (Fig. 5). However, the levels of GOT and
GTPwere not increased inmice treatedwith 5 kGy gamma-irradiated
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Fig. 3. Cell survival of intact (0 kGy), irradiated (5 kGy), and heated lectin treated
macrophage cells line (RAW 264.7). Each sample was treated at the concentrations of
0.25, 0.5, 1, and 2 μg/mL, respectively. Cell survival percentage was measured by MTT
assay. Results are expressed as the mean ± S.D. Statistical analysis was performed
using Student’s two tails t-test with signiﬁcant level of *P < 0.05, **P < 0.01, ***P <
0.001 compared to intact (0 kGy).
Fig. 4. Cytokine productions (TNF-α; (A) and IL-6; (B)) of intact (0 kGy), irradiated (5
kGy), and heated lectin treated macrophage cells line (RAW 264.7). Each sample was
treated at the concentration of 2 μg/mL. Results are expressed as the mean ± S.D.
Statistical analysis was performed using Student’s two tails t-test with signiﬁcant level
of *P< 0.05, **P< 0.01, ***P< 0.01 compared to intact (0 kGy). PBS: phosphate buffered
saline, LPS: lipopolysaccharide.
Fig. 5. Levels of GOT (glutamic-oxaloacetic transaminase) (A) and GPT (glutamic-
pyruvate transaminase) (B) in blood sera. Mice were intravenously injected with PBS
(alone), various concentrations (25, 50, 100, and 250 μg/kg BW) of intact lectin (0
kGy), 5 kGy gamma-irradiated lectin, or heat-treated lectin. After 1 h, blood samples
were taken from the experimental animals and centrifuged at 1500 g for 10 min to
obtain clear serum. Serumwas then analyzed using a Hitachi 7180 equipped with user
interface operability features to determine GOT and GTP levels. Wako control serum
was used as a marker. Results are expressed as the mean ± S.D. ND: not detected.
Fig. 6. Microscopic picture of liver tissue from mice subjected to phosphate buffered
saline (PBS) (A), intact lectin (B), 5 kGy irradiated lectin (C), and heat-treated lectin (D).
Liver tissueswere separated fromthePBS, intact lectin (0 kGy), 5 kGygamma-irradiated
lectin, and heat-treated lectin treatedmice after 1 h of intravenous injection (50 μg/kg
BW) and washed with a cold saline solution (0.85% NaCl), and ﬁxed immediately in
a solution of 10% formalin for 48 h. Small pieces were sectioned at 5 μm thickness
after dehydration and parafﬁn embedding and stained with haematoxylin and eosin
(H&E). The severity of liver tissue damage was observed under a Nikon Eclipse e400
microscope.and heat-treated lectin, compared to the intact lectin treated group.
Fig. 6 shows the morphology of liver tissue in mice treated with in-
tact, 5 kGy gamma-irradiated, and heat-treated lectin after 1 h of
intravenous injection (50 μg/kg BW). In this research, intact lectin in-
duced hepatocyte damage and cytoplasmic vacuolization, and caused
severe damage to the hepatic artery andbile duct (Fig. 6(B)). However,
5 kGy gamma-irradiated lectin attenuated the liver tissue damages
(Fig. 6(C)). A similar effectwas also shown in the group of heat-treated
lectin (Fig. 6(D)). Therefore, our ﬁnding indicated that 5 kGy gamma-
irradiated lectin highly reduced the acute liver toxicity.
3.5. Mortality of mice treated with lectin
Based on the above study of reduced toxicity (Figs. 1–6), the mor-
tality of mice treated with intact, 5 kGy gamma-irradiated lectin,
and heat-treated lectin was investigated. All mice treated with intact
lectin at a dose of 25 μg/kg BW survived. However, 6 of 10 mice in-
jected with 50 μg/kg BW of intact lectin died and no survival was
observed in mice treated with intact lectin at 100 and 250 μg/kg BW(Table 1). Meanwhile, mice treated with 5 kGy irradiated and heat-
treated lectins all survived at the tested doses (20, 50, 100 and 250
μg/kg BW, Table 1). Accordingly, the LD50 of intact lectin is between
50 and 100 μg/kg BW and this LD50 is in agreement with previous
results [28]. These results indicate that a 5 kGy irradiation effectively
reduced mouse mortality by lectin.
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Table 1
Survivals of mice administrated with phosphate buffered saline (PBS), intact (non-irradiated, 0 kGy), 5 kGy gamma-irradiated, and heat-treated mistletoe lectin.
Treatment
Dose (μg/kg
body weight) Days after treatment
Total mortalityb
(%)
1 2 3 4 5 6 7
PBS 0/10a 0/10 0/10 0/10 0/10 0/10 0/10 0
Intact lectin 25 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0
50 0/10 4/10 6/10 6/10 6/10 6/10 6/10 40
100 5/10 10/10 10/10 10/10 10/10 10/10 10/10 100
250 8/10 10/10 10/10 10/10 10/10 10/10 10/10 100
5 kGy
irradiated
lectin
25 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0
50 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0
100 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0
250 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0
Heat-treated
lectin
25 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0
50 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0
100 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0
250 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0
a Data represent the number of dead mice to total number of tested mice (n = 10).
b The count of survival mice in the seven days after lectin injection was calculated to represent the total mortality (%).
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[. Discussion
The objective of this study was to evaluate the effect of gamma
rradiation on reduction of mistletoe lectin toxicity using both in vitro
nd in vivo models. Mistletoe lectin was extracted and puriﬁed by
epharose 4B column, which has the afﬁnity to lectin (Fig. 1). Mistle-
oe lectin was gamma-irradiated at various doses (0, 5, 10, 15, and
0 kGy), or heated for reduction of toxicity. First, we evaluated the
inding activity of the lectin to erythrocytes using a hemagglutination
ssay [29]. This assay is based on the binding activity between the B-
hain in lectin and cell surface carbohydrates in erythrocytes [30]. In-
act and 5 kGy gamma-irradiated lectin (≥6.2 μg/mL) did agglutinate
o erythrocytes, but lectin irradiated over 10 kGy and heat-treated
ectin did not cause agglutination of erythrocytes (Fig. 2), which sug-
ests that irradiation at 5 kGy may preserve the B-chain of mistletoe
ectin.
Mistletoe lectin is a heterodimeric glycoprotein consisting of two
ubunits (A-chain and B-chain) linked by a disulﬁde bond. In the
ectin, the toxic A-chain possesses a highly speciﬁc N-glycosidase
ctivity and modiﬁes the 28S rRNA of the eukaryotic ribosome 60S
ubunit [31], thus arresting protein synthesis in the cell. The B-chain
s a lectin which binds to cell surfaces causing cell agglutination [32].
he B-chain of lectin plays an important immunomodulatory role by
timulation of immune cells through the activation of the iNOS gene
26]. Thus, breakdown of the B-chain in lectin decreases both the
mmunological activity and the cell surface binding activity. Proﬂam-
atory cytokines such as IL-6 and TNF-α secreted frommacrophages
layed a role in activating T cells and rejecting tumor cells [33,34].
specially, TNF-α, a multifunctional cytokine, is critical for eliciting
umor immunity [35,36]. Thus, IL-6, and TNF-α play a potent role in
mmune regulation and anti-tumor mechanisms, and have been ex-
ensively tested in vitro and in vivo, as well as in clinical trials for the
mmunotherapy of malignant diseases. In our investigation, cytokine
roductions (TNF-α and IL-6) for immunomodulatory activity were
ighly sustained in 5 kGy gamma-irradiated lectin unlike heated-
ectin (Fig. 4). Cytokine production suggests that the heat-treated
ectin easily destroyed the B-chain as well as the A-chain [12,13,31].
To investigate the effect of gamma irradiation on reduction of the
oxicity of lectin, further studies were carried out including cytotox-
city and measurement of liver function index enzymes (GOT, GPT),
istopathology of liver tissue (H&E), and a mouse survival test using
ectin irradiated at 5 kGy. Heat-treated lectin was used for the con-
rol which is already known for reduction of lectin-mediated toxicity.
istletoe lectin has a strong cytotoxic activity against cancer cells
ut also has cytotoxicity against immune cells such as macrophages
8]. In this study, the survival ratio of RAW 264.7 macrophage cellstreated with the intact (non-irradiated; 0 kGy) lectin decreased as
the lectin concentration increased (from 0.25 to 2 μg/mL), but 5 kGy
gamma-irradiated and heat-treated lectin did not cause RAW 264.7
cell death in the same concentration range (from 0.25 to 2 μg/mL;
Fig. 3).
In the assessment of liver damage by chemicals, the determination
of enzyme levels such as GOT and GPT is widely used as a toxic index
of liver. Necrosis or membrane damage releases the enzyme into cir-
culation; therefore, it can be measured in serum. High levels of GOT
indicate liver damage, such as that due to viral hepatitis as well as
cardiac infarction andmuscle injury. GPT is more speciﬁc to the liver,
and is thus a better parameter for detecting liver injury [37]. Elevated
levels of serum enzymes are indicative of cellular leakage and loss
of functional integrity of cell membrane in liver [38]. In our results,
GOT and GPT levels were decreased in the group treated with 5 kGy
irradiated and heat-treated lectins as compared to the intact lectin
(Fig. 5), and it was also shown that 5 kGy irradiated and heat-treated
lectins did not cause damage to the liver tissue (Fig. 6) or mortality
(Table 1). Therefore, gamma irradiation and heat treatment could be
an effective method for detoxiﬁcation of mistletoe lectin.
Based on the above results, our ﬁnding indicates that both gamma
irradiation at a dose of 5 kGy and heat-treatment clearly decreases
the toxicity of lectin (immune cell cytotoxicity, liver toxicity, andmice
mortality), but the5kGy-irradiated lectin still sustains immunological
activity by stimulating the immune cells as compared to heat-treated
lectin.
5. Conclusion
In conclusion, the present study was conducted to evaluate the
effect of gamma irradiation on reducing the toxicity of mistletoe (V.
album) lectin. Lectin was irradiated at doses of 5, 10, 15, and 20 kGy,
and the toxicity of irradiated and heat-treated lectins was compared
to intact lectin (0 kGy) using a hemagglutination assay, cytotoxicity
and cytokine assay, measurement of liver function index enzymes,
and histopathological analysis. In all toxicity tests, gamma-irradiated
and heated lectin decreased the lectin-induced toxicity. However, the
5 kGy gamma-irradiated lectin surprisingly sustained immunological
activity. Therefore, gamma irradiation could be considered as a useful
technology for the reduction of the toxicity of lectin without compro-
mising its bioactivity.
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